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SUMMARY

i- Static burner testing haTVM conducted on a small scale to discover
trends which will be useful in the layout of the shroed combustor for
connected-pipe tests. Burners were tested with A. Inlet tubes at
900 to the burner axis, inlet tubes slanted 450 upstream and h5 down-
stream frm the 900 position, and inlet tubes at 900 to the burner
axis but nominally tangential to the combustor shell.

I

Using the inlet tube direction which resulted in the best apparent
performance (the 450 downstream inlets), the effects of burner length
and exhaust configuration, fuel nozzle protrusion into inlet tube,
inlet tube penetration into combustion chamber, and inlet tube length
were observedop For the configuration of a 4" ins-ie diameter burner

"Vi h Tielve-658" I.D. inlet tubes inclined 450 downstream, the best
performance was obtained with a burner length of 30 5/8" including an
ehaust ...... t " .. iusl rv zles were Llush with the inlet
tube entrances and inlet tubes as nearly flush as possible with the
inside surface of the combustor. Performance deteriorated as the
inlet tube length was reduced from its initial length of 3 inches in
5/8" increments.

Development of the gaseous propane fuel supply system resulted in a
system which was satisfactory in all respects for the static burner
testing, and which is expected to be equally satisfactory for the
shrouded conbustor tests. -----
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1. INTRODUCTION

1.1 Background

Extensive exploratory static burner tests were conducted~in
Phase I of this contract in order to discover trends con-,
cering the effects of various combinations of combustor
geometry on the ability of burners to support resonant combus-
tion over wide ranges of fuel flow. This early phase of the
program resulted in the development of a shrouded combustor
with a maximum of 100 air and fuel inlets with the air inlets
completely submerged in the combustor shell. In order to
facilitate simplicity of construction, the air inlets were
installed at 900 to the longitudinal axis of the combustor.

1.2 Concept

For some time there has been considerable interest in deter-
mining the effect of slantinC the flush air inlets so that
the blowback through the inlets would be directed downstreaw
in the surrounding shroud. There are various reasons why
this should be helpful. First, the blowback should not.tend
to block the inflow to the shroud. On the contrary, it may
act somewhat as ejector primary flow to increase flow throuog
the shroud. Second, the possibility exists that the combun-
tor pressure rise at the head end might be increased by inflow
through the inlets that is directed t- Tards the head end of
the combustor, Third, in exploring other simple but untried
- let ire n into the combuitor- a direction of inlet
might be found which gives a significantly greater fuel flow
range at which resonance is sustained.

1.3 Approach

Because of the rather diffisult ^
Dnqtruction problem involved

in a shrouded multinle inlet, combustor with slanted air
inlets flush with the outer surface of the combustor shell,
some initial comparative static tests of an unshrouded burner with
sinple hardware were conducted. These tests compared tn.
thrust and pressure rise across the head end of the combustors
with twelve air inlets aligned as follows: (1) at 900 to the
longitudinal axis of the combustor, (2) slanted downstream
at L6O and (3) at 900 to the longitudinal axis of the cnm-
bustor bat nominally tangential to the conbustor shell (swirl-
4n.flW) The purpose of these tests was to look for trends
that might helo in the layout of the next shrouded combustor
confi-uration, recognizing of course that there -is a big
"u'ap from the static orerating situation to that in which the
burner is shrouded and the air inlets are made flush with
the shell°
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It is recognized that many additional variations of static
burner configurations could be conceived and tested, but
the scope of this investigation necessarily requires that
the variations be limited to a few simple configurations
which will prrvide a good quantity of data to show trends.
This progress report describes the characteristics of the
fuel ,upply system, the test instrumentation, the static
burners tested, and the trends and conclusions derived.

iPY



2. DISCUSSION

2.1 Prnpane Fuel Supply System

The fuel supply system is shown in the Figure 1. The function
of the heating tank in which the propare cylinder is im-
mersed is to heat the propane, thus raising its vapor pressure
and, consequently, raising the fuel supply pressure. LJquid
tap propane cylinders were used in preference to gas tap
cylinders in order to obtain a more stable fuel supply pre-
ssure. With a gas tap, a large volume rate of gas flow out
of the cylinder occurs when the burners are operating. This
requires a large rate of gas production in the cylinder,
resulting in constantly decreasing cylinder pressure, since

the temperature of the entire cylinder of propane cannot
be raised quickly enough to provide the required latent
heat of vaporization to support gas production requirements.
With a liquid tap, on the other hand, a relatively srma!
volume rate of liquid flow out of the cylinder occurs, and
gas production occu -s readily, thus maintaining constant
cylinder pressure. Since the interpretation of the read-,
ings of the Fischer-Portnr Flowrator Meter used to mea_eir
gas flow rate is quite sensitive to gas pressure, tbe, liquid
tap fuel system was essential to the accuracy of the test
data.

The direct weight rate of propane flow was determined by

means of the weight scale on which the propane cylinder and
its heating tank were mounted as shown in Figure 1. From
the valve mounted on the propane cylinder, the liquid fuel
was led through a 200 psi relief valve and through a short
length of flexible hose to the coil heating tank; there
the liquid propane was Tonverted to gas in the coils im-
mersed in hot water. A supply pressure gauge and a flow
regulating valve were mounted downstream of the coil heat-
ing tank. From the f.ow regulating valve, gaseous propane
was led to the Fischer-Porter variable-area flowmeter where
its oressure aid ' moerature were measured at the meter
out! t: it then " ent to the three-way valve.

The three-way valve was not a regulating valve, and it was
used only to nrovide a quick means of shutting off fuel to
the resonant burner or to substitute compressed air for fuel
In -,der to scavenge and cool the burner. When a short air
blast was required to start a burner resonating, it was
introduced by means of the three-way valve.
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2.2 Static Nnwer VakritaIon

Static bUner testiNg con'UncsOd With A butrner confijpiratlun
Which had bhean morioustv tea5jtsd In serly nhavua. It
enrsitaiJ of a 261, length or b" 1.D). pit.* or 1/ho wall
thtcxnne, closed Cm One end, vith twelve Air bIlt txtot
lziAtnld at 40"' t* W# al of the Pipe. Fro4 this start-,-

i-ng ;tM inlet tube confipuations von changed, burnsr-
lmigUtiv wore rariuui, r%.mer *nit :tatitiswore
lnveslig,- '.*, (fhpnartIiu at ait, contrewctlin at exit, and
eorwtant 4roi l , arf li' IaCj-roo ot rrnetrst4l:P .f the
Nid rnsale. into U '4 iIlt Lubea was varied.

In '4dition to the 900 inlet tu~,the tokllw 4Irf dr
of inlet lubs i'icllnatton were tosqtedi

a) Iilut tubfl i!tolino4 iq 0 4rtr#4n t-'ilrnp )4!!
%awasrd thm heahd eM~ of the 1 -InCT 'rtn. Vt 100

toward tIA uaxhit OMd of tii. mrnmer t'" Uio gc1
poset t no)

c) Inlt tuhep alt ?00 tv Wi,q i'lenn )f the V'rner
Lxift, Tlit ir.'rn'lued neoarly t-anror.l~a114 Mnb

'irlrt4' NhltA 10-O .akh uaf "Oeh basit inlot pr~rflf-hj'rh>
toeto., tho 1%.*i r hirner elniimsthm 44 vmiplamt t the
end 1411l sjA nosailm used to erwaltto 4 tutrer Rill oxrPmim
mdi~ eiintraetitwr. rmr'ativoly, inrl I/u io 9rsl of the

ta*110 %11-*r. HOINte Cc'bixi-t1A1 "ttMjS.r VfA4 ,5M4 W
at ssveria -aInt a ,raprt the lvnir &e4 "nly.

.,) Coc r 4 ft i 4 Var-um ;-nar Aonr inletCofgra;n

noe inlet 10-e comrfilturAt-M r.h InWhich tin, I.i !aT*
I bi~rd ~ drsV-AtrV1M g1aY. ntrfoflt.ro n-ar rt

t10hoo of the tangenaW, thn 70n, ,a! the .r
nt'rearm Inlet tubs i neta) Ja A 'M, C M e t h

high thraft, srt1.unor legt, aan of starting,
ruaMnnrnt COQJAUntton0 VAd fool firw r 'Laro N1.&I
resonance was mharrtAln!~d. F-. rire.) .3, 1, ond IMviw
peirformaneu co'nnriisona. The irhariicterjtti-:; -,. the

Otri~ (tngnit>1Q00 &'!-. 50 antrun) inirt. tuh'
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directions are discussed below relative to the 450
downstream inlet tube installation.

For the sake of convenience, oarameters are tometirmes
discussed relative to fuel pressure rather than
fuel flow. This is justified, since the fuel flow
path from pressure gauge to burner is identical in
every case, and the effects of fuel temperature and
the pressure zone into which the fuel sprays are
thought to be slight.

2.3.1.1 Tangential inlet

The thrust obtained with the tangential 4
inlet burner at its maximum fuel flow was
approximately equal to that obtained with the
45O downstream inlets at the same fuel flow.
This thrust was achieved with an average
burner head oressure of barely 1" H20 gauge

press'ire, whereas the 4 downstream inlet
configuration had an average burner head
pressure of 17" Tf20 gauge pressure at the

zame thrust. However, at 57" burner length i

this configuration still could not equal the
fue). flow range over which the 450 downstream
inlet configuration with 30 5/8" length
would resonate. Nor could it match the max-
imum thrust obtained. The effect of reducing
the length of the tangential inlet burner
to 3$9 5/8" was to raise the burner head

pressu're sharply, reduce the thrust slightly,
and reduce significantly the fuel flow range
at which the burner would resonate. No
data were recorded at 30 5/8" burner length T
with tangential inlets because it was too
difficult 'o start resonance.

,.1.2 450 Upstreai Inlet

Apnr ciably lower thrust and burner head
nres.ure were -lbtained with this inlet than
with the 450 downstream inlet at 30 5/8

burner length .and the fuel flow range to
sun7crt resonance anoeared reduced. in-
.reas... the burner length to 4O" resulted
:i a -,ild thrust decrease, considerable
*)ress:re increase, and an increase in the
fYi flow range for resonant combustion. i
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At 45 5/8" length, the thrust was equivalent
to that of the 30 5/8" length, and pressure
decreased slightly from that of the 40"
length. Again the fuel flow range for
resonance was increased with increased
burner lengthsj and resonance would begin
automatically at 6PSIG fuel pressure.

2.3.1.3 900 Inlet

At 30 5/8" burner length, the 900 inlet
burner provided thrust approximately equal
to that of the 450 downstream inlet but at
a lower pressure. These effects held at
fuel flow rates less than 70 lbs/hr. In
the range of 70 to 75 lbs/hr fuel flow,
both thrust and burner head pressure began
to fall off, and a maximum for each was
exoerienced at 80 lbs/hr fuel flow, cor-
responding to a fuel nressure of about 12'
psig. Beyond this fuel flow, both thrust
and pressure were reduced, and it is con- I
cluded that this burner has a deteriorating
change of characteristics near this point.
Resonance began automatically at 22 osig
fuel oressure, and rich-out occurred at
1L2-lL5 Psig.

2.3.2 450 Downstream inlet

2.3.2.1 Effect of burner iengLh atid exiaust diameter

The h5 downstream inlet configuration was
tested with several combinations 6f burner
length and exhaust diameter, as shown in the
table which follows and in Figures 7 and 8.
Of these combinations, the 30 5/8"1 burner
length, including end. bell, gave the highest
thrust but had a slightl lower burner head
pressure than the 25 5/8" length with end
bell.

4
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TABLE 1

CHARACTERISTICS OF VARIOUS 450 DOWNSTREkM INLET BURNERS

Arith .Ave.

Burner Exhaust Exhaust Thrust Q Head Press. Resonant Lean-Out Rich-Out

Lengt Fitting Diameter 80#/HrF.F. @80#/lrF.F° Starting Fuel Press. Fuel Press.

25-3/8" Reducer 3 1/2 -------------------- No. Res. ---------------------

26" None 4" 5.2 lbs. 16.3"H2 0 Air Req. 25 psig 1h5 psig

25-5/8" End Bell 5" 5.2 16.7 Air Req. 20 ' 171

30-1/8" Reducer 3 1/2" 4.3 14.2 Air Req. 4 39 150

30-5/8" End Bell 5" 6.2 15.6 Auto@45psi' 30 ' 175

36-1/8" Reducer 3 1/2" 3.8 13.0 Air Req. 4 29 175

hO" None 4" h.5 12.3 Undet. 4 O0 152

45-5/6" End Bell 5" 5.5 13.0 Undet., e' 33 - 160

2.3.2.2 Effect of fuel nozzle psnetrtion into inlet

Using the burner of 30 5/8" length including
on ci .,riu '-~""itions of fvi-- n71

nenetration with resoect to inlet tube entrance

plane were investigated. The effect of the

fuel nozzle position is quite pronounced,
since the fuel jet into the air inlet acts

as an injector (jet nump) to.aid charging of

the burner with fresh air during the intake

nortion of the cont'istion cycle. Four fuel

nozzle nositlons were tested, as follows,
using 3"lerigtn inlet tubes.

a) I:ozzle I/h" outsde -lane of inlet
tube entrance

N 07o77e In -Iane of inlet tube entrance

c) ":oz p roj :ting l/ 1 " into inlet tube
C -N zz]'° 1/2"1 into inlet tube

d) Nozz e 1121 into i.e.. tube

Best Available Copy
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In cases (c) and (d), resonant burning would
not start without an air blast, so co.;aplet e
data wer- not taken. Placing the nozzle
1/4" outside the Diane of the inlet entrance
(a) resU7.ted in a smnall decrease of thrust and
!2ressure, relative to the values obtained with
the nozzle in the plane of the inlet entrance
(b) as shown in Fig-ure 9.

2.3.2.3 Effect of inlet tube penetration in~to comibustion
chamber

As maybe seen from-T Figure 2, bushings were
orovided into the combustion chamber of the

50downstream inlet burner so that the inlet

tubes could be moved along their axes to
allow the degree of nenetration into the com-
bu-'ion chamber to be varied. The inlet tubes
were hel.d in nosition in the bushings by cap
screws. Note'also that the bushings them-
selves orojected a small distance (anproxintately
1/2" to 3/4'". See Figure 2) intro the comnbustion
chamber.

The effect of 4nlet tube nenetration was
studiced with fiver nos itions of inlet tube, as
follows;

(a) inlet tube end flush with end of
bushing

(b) inlet tube nrotruading 1/411 beyond
end cf bushing

()inlet tube nrotr,,d4ig 1/2" bey~ond

) let ube '3/'2' beyond

c o & of

e)iae t sca ~'rfed 45o on thie end
s-, *r ma - t-h -ar. of the end

naral".- to iu~a ii

w--',- - -. e ,sh- nds of th-e

-s-~-v - ,srforman,!

-,,s t- were. nonron

r, -Cv;)



With the plane of the inlet tube end parallel
to the axis of the burner, thrust was signific-
antly lower over most of the fuel flow range
than 'with the olane of the end at 45' to the
burner axis, despite the fact that in cases
(b), (c), and (d) the actual penetration into
the combustion chamber was greater.

2.3.2.4 Effect of inlet tube length

Starting with an inlet tube length of 3",
the tubes were reduced to 2 3/8" length, then
scarfed 450 on the inner ends, and then re-
duced to 1 11/16" length. Perforzaice
deteriorated significantly a. the length was
reduced as may be seen in the plot of Figure
11. Comparing the 1 11/161 inlet condition
with the scarfed end condition where one side
of the tube was 2 3/8" long and t-< ,t.er
side was 1 11/16" long, the only'u± .'nce
in performance was that the scarfed c ,nditicn
gave a larger fuel flow range for resonant
combustion. In the scarfed condition, the
inlet tubes were so oriented that the plane
of the end of the tube was parallel to the
axis of the burner.

2.3.3 Efficiency of Combustion

In ter-s of oer,:ent combustibles in thr bu ier exhaust,
the resonant burner apmears to have very d com-
bustion efficiencyg based uoon a Dreliminary check.
A single-point check with a Johnson-Williams cobus-
tibl' -7as indicator showed about 1% com bustibles in
the exhaust (roughly. qo".arable to a Diesel engine).

Best A,"vai'Qbte iCo
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3. CONCLUSIONS

The foregoing results indicate a number of significant conclusions
relative to the static resonant burners, as cited b-'ow

1. For any given burner configuration, thrust vaiies
approximately linearly with average pressure across
the burner head over most of the :ael flow range, but
not necessarily with fuel flow. Near %,-t, the
thrust begins to lag, and may even reverse with some
configurations.

2. For a particular burner, each direction of inlet tube
into the combustion chamber provides a characteristic
of thrust vs average burner head pressure peculiar to
that direction of inlets, and the :f^ect of inlet direc-
tion on burner performance is very strong.

3. For a given burner configuration, lengthening of the
burner results in easier starting and a greater fuel
flow range over which resonant combustion will occur.

4. A contracting burner exhaust results in a lower rate
of change of thrust with respect to average burner
head pressure, poorer starting, and a lower fuel flow
range for resonant combustion than does an expanding
burner exhaust.

. Use of an exoanding burner exhnaust results in a greater

fuel flow range for resonant combustion than with a
constant area exhaust, but does not significantly affect
thrust vs average head pressure.

6o Burner thrust vs average head nressuie appears to be
not nc.-- so sensitive t,, burner length and exhaust
configuration as it is tc direction of inlets. On
the other hand, ease of starting and the range of f l
flow to suoport resonant co-,)ustion aoear to be more.
dependent on burner length and exhaust config-uratiou
than on inlet direction.

7° The average burner head pressure remuired to oroduce
a ;iven trast is a fLnction of > let tube direction,
":A can vary widely from one I..reI or. of Lniet tube

Best Available Copy
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8. The c'- imum location of the fuel nozzle exit is in the
plane .f the inlet tube entrance.

9. In general, performance decreases severely as the inlet
tube penetration into the combustion chamber increases
and as the inlet tube length is reduced below some op-
timam value (for a given burner).

10. The particular shapes of the curve of burner head pressure
vs radial distance from the burner axis appears to be
set by inlet tube characteristics, and appears si-milar to
(and therefore oredictable from) the shape of the curve
obtained when air alone is blown through the fuel nozzles
and there is no combustion.

11. For a given burner length (which for practical purposes
would certainly be as short as possible), resonant burner
performance is highly sensitive to inlet tube direction,

length, degree of penetration into the combustion chamber,
and exhaust confi-uration, and these areas should event-
ually be bxplored further as a means of optimizing

burner performance,

12. While recognizing the necessity for an expanded future
progran of static burner testing to optimize performance
and basic design parameters, it is recommended that a
shrouded 100-inlet conbustor now be built and tested to
verify that the gap between a static burner with a small
nmnber of inlets and a shrouded turner with a much greater
number of smaller inlets can be bridged in a practical
nanner,

3est Available Copy
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BASIC BURNER CRG-S SECTION

' Hn Thrust4" .5

J-1 [a Tyical Inlet Buahi Exhaust

26"t _ _ _ __ _ _ _ _ __ _ _

Pres sure
Pressure 1L'~ -Taps-. -_ _-

T aps (3/81"snaci

Typical Inlet Tube Set - ~ Inlet Bushing and.
In Typical Inlet Bushing Inlet Tube Identical

2"1 2", (o.65811 .D. x 3"1 L. for 2"21 to a).
a) and b).)

a) Inlets Inclined 140Downstream b) Inlets In':lined 4f5 Upstream~

PressureT
T aps V4/l

(1/2 spcinIet Bushing 1/2"1 Pipe x 1"1 L.

k211+ 2 itInlet Tube 9/16"- I.D. x 2/16 L.
for this Burner

c) Brlt nI urner ( d) Tyvrical Inlet 3ushing Positiorns

Tn6t 90l ts ac

Tnipt Dushing 3/110 T.D.
Tnrx 1 1/1 L., Inlet Tube

___________ For this Burner

f) Inlet Pushing "ositions fdr e):

j~.' ~ai 2 'rnn ~2 Rows of 6 Inlets Epch
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